promastigote cultures and is commonly used to treat infections, inflammations, ulcers, nervous conditions, and diarrhea. However, no studies have investigated its effects on genetic material. Therefore, we evaluated the genotoxic potential, antigenotoxic potential, and cytotoxic effects of hydroalcoholic extracts of T. cinerea leaves. In an in vitro genotoxicity study, human peripheral blood leukocytes were treated for 3, 24 (comet assay), or 48 h (cell death assay) with 22, 44, or 88 µg/mL plant extract. In the in vivo assay, Swiss mice were treated with 500, 1000, or 2000 mg extract/kg body weight by intraperitoneal injection and were evaluated 24 h later. Antigenotoxicity was investigated in pre-and post-treatment assays in which the animals received the plant 9045 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (4): 9044-9055 (2014) Protective effects of antileishmanial extract extract (2000 mg/kg) 24 h before or after receiving cyclophosphamide (50 mg/kg), respectively. The extract had no genotoxic effects in the in vitro or in vivo assays. However, the extract reduced apoptotic cell death and induced necrotic cell death at concentrations that presented leishmanicidal activity in vitro. The extract also had an antigenotoxic effect, reducing the levels of genomic damage that were caused by cyclophosphamide in Swiss mice by more than 80%.
INTRODUCTION
The genus Tephrosia (Fabaceae) contains approximately 30 species that are distributed throughout tropical and subtropical regions (Lavin, 1998) . Species of this genus have a biogenetic capacity to produce structurally diverse substances, including steroids, amino acids, and flavonoids such as isoflavonoids and rotenoids (Cabizza et al., 2004) . The leaves of Tephrosia cinerea (L.) Pers. are used by the general population to treat infections, inflammations, ulcers, nervous conditions, and diarrhea (Pio Corrêa, 1994) .
The establishment of alternative therapies for endemic diseases involves a series of stages that extend from the initial evaluation of a compound's biological effects to the determination of toxicity and side effects and finally to clinical trials. With respect to toxicity, determining the effects of the compound on genetic material is required before a new medication can enter the market.
Leishmaniasis is an endemic disease in Brazil that is generally treated with Glucantime ® despite its known genotoxic and mutagenic activities in vivo (Lima et al., 2010) . To aid the search for new leishmaniasis treatments, we extended a previous study showing that hydroalcoholic extracts of T. cinerea leaves exert a potent antileishmanial activity (Bezerra et al., 2006) . This study aimed to evaluate the action of this plant extract on genetic material in vitro and in vivo.
MATERIAL AND METHODS

Plant species
T. cinerea leaves were collected in the Berta Langes de Morretes Garden (Ático Seabra Herbarium, Departamento de Farmácia, Universidade Federal do Maranhão) in São Luís, State of Maranhão, Brazil, in February 2007. The species was identified by Dr. Terezinha de Jesus Almeida Rêgo, and specimens were deposited and registered in the herbarium under the number 1256.
Extract preparation
Leaves were dried in a convection oven, ground, and repeatedly extracted by maceration with 70% ethanol in 72-h intervals. The solvent was replaced every 72 h for a total of 30 days. At the end of this process, the extracted solutions were combined, filtered, and concen-A.C.S. Dias et al. trated in a centrifugal evaporator under vacuum pressure at 45°-50°C, resulting in a 12.15% yield that was equivalent to 317.8 g hydroalcoholic extract. The extract was then placed in an amber bottle and refrigerated (Harbone, 1984) . The desired concentrations and doses of extract were obtained by dilution in dimethylsulfoxide (DMSO).
Identification of chemical compounds in plant extracts
Phytochemical tests for phenols, flavonoids, steroids/triterpenoids, and saponins were conducted using the Liebermann-Burchard reaction, which reveals the types of secondary metabolites that are present in plant extracts. In these tests, specific reagents are added to the hydroalcoholic extract solution, and color changes and precipitate formation are measured (Matos, 1988) .
In vitro assays
Genotoxicity: cells and treatments
Human leukocytes were obtained from 20-mL samples of peripheral blood collected from six healthy volunteers (three of each gender) between 20 and 30 years of age. Leukocytes were isolated using Ficoll Paque TM PLUS (GE Healthcare: Sweden; density: 0.12 EU/mL). The pellets of mononuclear cells (200 µL) were uniformly diluted in 5 mL complete RPMI 1640 culture medium supplemented with 0.01 mg/mL streptomycin, 0.005 mg/mL penicillin, 20% fetal bovine serum, and 2% phytohemagglutinin. The cells were treated with hydroalcoholic extract after the cultures were established.
Cell viability was determined with the trypan blue assay (10 µL 0.4% trypan blue per 10 µL cell suspension) (Elia et al., 1993) . For each treatment, 100 cells were counted, and 70% viable cells was considered the minimum acceptable viability (Ribeiro and Marques, 2003) . The extract was applied at concentrations of 22, 44, 88, 125, 250 , and 500 µg/mL based on the antileishmanial effects of 50 and 100% extract solutions.
Cells cultured in RPMI 1640 medium without extract served as a negative control, whereas cells cultured with 10 μL hydrogen peroxide 10V (30 mg/mL) for 10 min prior to the test were used as a positive control. The vehicle control was conducted by culturing cells with 1% DMSO. The samples were cultured for 3, 24 (comet assay), and 48 h (cell death assay). Slides were analyzed by fluorescent microscopy (BX51/BX52-Olympus; 516-560 nm filter, 590 nm amplification barrier, 400X magnification).
Comet assay
For this assay, 200 µL 0.5% low melting point agarose was added to 20 µL cell suspension. The cells were homogenized, placed on slides that were coated with 1.5% normal melting point agarose, and refrigerated. Two slides were prepared per treatment. The slides were immersed in lysis solution (2.5 M NaCl, 100 mM Na 2 -EDTA, 10 mM Tris, pH 10, 10% DMSO, and 1% Triton X-100) and refrigerated at 4°C for 2 h. The slides were then incubated for 20 min in pH > 13 buffer (10 M NaOH, 0.2 M EDTA, and distilled water). Electrophoresis was performed at 25 V (0.72 V/cm) and 300 mA for 20 min. The slides were placed in neutralization solution (0.4 M Tris-HCl, pH 7.5) for 15 min and then dried at room temperature. Finally, the slides were fixed in 100% ethanol and stained with 20 µg/mL ethidium bromide.
One hundred nuclei were analyzed from each treatment group and classified according to the level of damage: class 0 (<5%), class 1 (5-20%), class 2 (20-40%), class 3 (40-94%), and class 4 (>95%) (Speit and Hartmann, 1995) .
The damage score was obtained by multiplying the number of nuclei in each class by the respective class value using the following equation 1: Score = [(0 x n 0 ) + (1 x n 1 ) + (2 x n 2 ) + (3 x n 3 ) + (4 x n 4 )] / total number of cells
Cell death assay
Cell pellets were stained with a 5-μL mixture of fluorescent dyes (propidium iodide (5 µg/mL), 15 µg/mL fluorescein diacetate, and 2 µg/mL Hoechst 3334 in phosphate-buffered saline, pH 8, and incubated at 37°C for 5 min. Three thousand cells per treatment were analyzed by fluorescence microscopy (BX51-Olympus; 40X objective) using a triple filter (DAPI, propidium, and FITC). Following Korostoff et al. (1998) and Hashimoto et al. (2003) , normal, necrotic, and apoptotic cells were distinguished based on the cell staining as follows: normal cells, green cytoplasm with blue spherical nuclei; apoptotic cells, green cytoplasm with blue fragmented nuclei (apoptotic bodies); and necrotic cells, homogenous red nuclei and cytoplasm.
In vivo assays
Genotoxicity: animals and treatments
Swiss mice of reproductive age (approximately 60 days) and an average weight of 30 g were used for the genotoxicity assays, and 10 animals were in each treatment group. The animals were obtained from the Central Vivarium of Universidade Federal do Maranhão, Bacanga campus, São Luís, Maranhão, Brazil. The mice were housed in a conditioned environment at 22° ± 3°C and 50 ± 20% relative air humidity with a 12-h light cycle (12 h light/12 h dark) and ad libitum access to commercial Labina Purina ® chow and water. All of the procedures were completed in accordance with the Guide for the Care and Use of Laboratory Animals from the National Institutes of Health. This study was approved by the Ethics Committee in Research of the Universidade Federal do Maranhão (23115-012975/2008-43 protocol) .
The doses of extract used were based on the maximum recommended limit for genotoxic studies (2000 mg/kg), which does not induce mortality or morbidity (Ribeiro and Marques, 2003) and considered the solubility for intraperitoneal administration. We selected doses of 2000, 1000, and 500 mg/kg. Cyclophosphamide (50 mg/kg) was used as a positive control, 1% DMSO was used as the vehicle control, and distilled water was used as the negative control. Each animal received 0.1 mL/10 g of its assigned treatment by intraperitoneal injection. After 3 and 24 h, cells were obtained from 10 µL peripheral blood that was collected through a small excision at the tip of the tail and analyzed by the comet assay.
Antigenotoxicity: animals and treatment
Swiss mice (as described for the genotoxicity study) were distributed among six experimental groups: 1) pre-treatment, in which the animals received a 2000 mg/kg dose of plant extract followed by cyclophosphamide (50 mg/kg by intraperitoneal injection) 24 h later; 2) post-treatment, in which the mice received cyclophosphamide followed by the plant extract 24 h later; 3) plant control, in which the animals were only treated with T. cinerea extract (2000 mg/kg); 4) negative control, in which the animals were treated with sterile distilled water; 5) vehicle control, in which the mice were treated with 1% DMSO; and 6) positive control, in which the mice only received cyclophosphamide (50 mg/kg). At the end of the study, peripheral blood cells were obtained, and the comet assay was performed as described above.
Statistical analysis
The data were analyzed using Bioestat 5.0 (Ayres et al., 2007) . The in vitro results were normally distributed and therefore analyzed using parametric analysis of variance and the Tukey post-hoc test (P < 0.05). The in vivo data did not show a normal distribution and were therefore analyzed using the non-parametric Kruskal-Wallis H-test followed by the Student-Newman-Keuls post-hoc test (P < 0.05). The results of the cell death assay were analyzed using the chi-squared test.
RESULTS
Phytochemical study
Among the chemical substances that were present in the hydroalcoholic extract, phenol and flavonoid compounds were highly represented. In contrast, steroids/triterpenoids and saponins were present in only moderate or low amounts, respectively.
Cell viability
The cell viability was greater than 70% after both the 3-and 24-h treatments with 22 (C1), 44 (C2), and 88 µg/mL (C3) plant extract (Figure 1 ). The comet assay revealed elevated levels of dead cells with extract concentrations of 125, 250, and 500 µg/mL (Figure 1) . 
Protective effects of antileishmanial extract
In vitro comet assay
Class 0 cells were predominant in the negative and vehicle controls (1% DMSO) for both the 3-and 24-h treatments. A higher frequency of class 4 nuclei was observed in the positive control, indicating a high level of DNA damage. In the groups that were treated with plant extract, most cells fell into class 0 and 1, indicating that there was less DNA damage in these cells relative to the positive control. There were no statistically significant differences in damage scores between any group that was treated with the T. cinerea extract and the negative control (Table 1 81.6 10.6 3.6 2.6 1.6 0.32 ± 0.09 a F = 56.185 P < 0.0001 NC = negative control (RPMI 1640 medium); PC = positive control (hydrogen peroxide 10V); VC = vehicle control (1% DMSO); C1 = 22 µg/mL; C2 = 44 µg/mL; C3 = 88 µg/mL. The data were analyzed using analysis of variance (one criterion) with the Tukey post-hoc test. Same letters = no significant difference. Different letters = significantly different. Table 1 . DNA damage scores and distribution of nuclear classes observed in a comet assay performed on human peripheral blood leukocytes treated in vitro with three concentrations of Tephrosia cinerea extract for 3 and 24 h.
Cell death assay
A highly significant difference (P < 0.0001) in the percentages of normal, necrotic, and apoptotic cells was observed between groups, indicating that exposure to the T. cinerea hydroalcoholic extract alters the relative proportions of living and dying cells (Table 2) . When analyzed separately and relative to the negative control, changes in the proportion of necrotic cells were highly significant for the C1 (χ 2 = 61.568; P < 0.0001), C2 (χ 2 = 110.580; P < 0.0001), and C3 (χ 2 = 145.300; P < 0.0001) concentrations. All of the concentrations tested induced some degree of necrotic cell death. We also observed statistically significant differences in the relative proportions of apoptotic cells (P < 0.05) for all concentrations compared to the negative control (C1: χ 2 = 13.630 and P = 0.0002; C2: χ 2 = 6.586 and P = 0.01; and C3: χ 2 = 4.435 and P = 0.0352). However, in this case, apoptotic cell death was generally reduced, not increased, by treatment with the extract.
In vivo comet assay
Genotoxicity
We observed a predominance of class 0 cells for both the 3-and 24-h treatments in the negative and vehicle (1% DMSO) control groups. Samples from the positive control group, however, exhibited a greater frequency of class 4 nuclei, indicating a high level of DNA damage. In the groups that were treated with the three concentrations of extract, most nuclei were categorized as class 0, suggesting that there was little DNA damage. There were no statistically significant differences in damage scores between any of the groups treated with T. cinerea and the negative control group (Table 3) Table 2 . Cell death induced in human leukocytes treated with Tephrosia cinerea (L.) Pers. hydroalcoholic extract for 48 h. NC = negative control (RPMI 1640 medium); VC = vehicle control (1% DMSO); C1 = 22 µg/mL extract; C2 = 44 µg/mL extract; C3 = 88 µg/mL extract. **P < 0.0001; *P < 0.05. The data were analyzed with the chi-squared test. 89.5 7.6 1.7 0.6 0.6 0.14 28.70 a H = 21.27 P = 0.0007 NC = negative control (distilled water); PC = positive control (50 mg/kg cyclophosphamide); VC = vehicle control (1% DMSO); C1 = 500 mg/kg; C2 = 1000 mg/kg; C3 = 2000 mg/kg. Same letters = no significant difference. Different letters = significantly different. The data were analyzed by the Kruskal-Wallis H-test test followed by the Student-Newman-Keuls post-hoc test. Table 3 . DNA damage scores and distribution of nuclear classes observed in an in vivo comet assay of peripheral blood leukocytes obtained from Swiss mice that were exposed to different doses of Tephrosia cinerea (L.) Pers. extract for 3 and 24 h. Table 4 presents the damage scores and distribution of nuclear classes collected for the antigenotoxicity assays. We observed a predominance of class 0 cells in samples obtained from mice in the negative control, vehicle control, and plant extract treatment groups. In contrast, a high proportion of class 4 nuclei was observed in samples from the positive control group, indicting a high level of DNA damage.
Class (%) Scores
Protective effects of antileishmanial extract
Antigenotoxicity
There were no differences between the damage scores of the negative control, vehicle control, and plant extract treatment groups. However, there was a significant difference (P < 0.05) between these groups and the positive control. There were also significant differences in the damage scores of the groups in which animals were treated with both cyclophosphamide and plant extract (pre-and post-treatment) and the group treated only with cyclophosphamide (positive control). The T. cinerea extract reduced the genomic damage caused by cyclophosphamide by 80.6 and 82.3% in the pre-and post-treatment groups, respectively. There was no significant difference in the degree of damage reduction observed with these two treatment protocols. Table 4 . Distribution of nuclear classes, DNA damage scores, and damage reduction index determined by the in vivo comet assay in peripheral blood leukocytes collected from Swiss mice treated with Tephrosia cinerea hydroalcoholic extract and cyclophosphamide with a 24-h interval between treatments (pre-treatment and posttreatment).
DISCUSSION
The use of plant species for therapeutic purposes provides a valuable screening service for drug discovery efforts. Information about the traditional manner of preparation, when analyzed from chemical and biological perspectives, can contribute to the identification of active compounds and mechanisms of action (Silva, 2006) . However, these latter aims present significant challenges because plants contain numerous chemical components, and their extracts can produce biological effects that represent either the sum of the effects of each component or a synergistic effect that is greater than the sum of the parts (Serpeloni et al., 2008) .
Species of the genus Tephrosia have a biogenetic capacity to produce substances of great structural diversity, including steroids, phenols, saponins, amino acids, and flavonoids such as isoflavonoids and rotenoids (Cabizza et al., 2004) . In this study, we obtained results in our phytochemical analysis of T. cinerea extracts that were similar to those obtained in other studies of the Fabaceae family and the Tephrosia genus. Diverse groups of secondary metabolites of biological interest have been identified, including phenols, flavonoids, steroids, triterpenes, and saponins. The T. cinerea hydroalcoholic extract was then evaluated for cytotoxicity at concentrations that had an antileishmanial effect (Bezerra et al., 2006) . We determined that the extract was not cytotoxic at concentrations that exhibit 50% leishmanicidal activity, but it did have a cytotoxic effect at concentrations with 100% leishmanicidal activity. Thus, higher concentrations do not represent a reasonable option for future studies.
Following the cell viability assay, the extract was analyzed for its capacity to induce genomic damage. Cells were exposed to the extract for either 3 h, the minimum time to induce genotoxic damage, or 24 h, the time necessary for cells to complete a cell cycle (Ribeiro and Marques, 2003) , and then were subjected to the in vitro comet assay (Singh et al., 1988) .
The results revealed a predominance of class 0 and 1 nuclei in the treated cells, indicating that the hydroalcoholic extract did not induce genomic damage. While this study represents the first evaluation of the genotoxic potential of extracts from the Tephrosia genus, other studies performed with plant species of the Fabaceae family and a variety of biological systems obtained similar results, i.e., an absence of genotoxicity (Macêdo et al., 2008; Zampini et al., 2008) .
In this study, the T. cinerea hydroalcoholic extract induced cell death by necrosis at concentrations that showed antileishmanicidal activity. Necrosis is known to activate inflammatory reactions that result in the death of Leishmania (Orlofsky et al., 2002) . The rupture of the plasma membrane and release of cytoplasm that occur in necrotizing cells can affect a great number of neighboring cells and even provoke further death (Grisólia et al., 2009) . Thus, in addition to its direct leishmanicidal activity, the hydroalcoholic extract of T. cinerea also induces necrotic cell death. This combined activity maximizes the extract effect against the essentially intracellular Leishmania parasite.
In addition to inducing cell death through necrosis, the extract reduced apoptotic cell death. The absence of apoptotic induction agrees with the data showing the extract's lack of genotoxicity. The decrease in apoptosis might be explained by the presence of chemical compounds that are capable of reducing DNA damage. A number of other studies also described plant extracts that induced necrosis while inhibiting apoptotic cell death (Ikeda et al., 2003; Maruo et al., 2003; Sabir and Rocha, 2008; Vieira et al., 2010) .
It must be noted that in infected individuals, apoptosis can be either useful or damaging to the host because some pathogens, including Leishmania, exploit apoptotic cell death as a survival strategy in host cells (Zamperlini et al., 2000; Hetland et al., 2004) . Thus, the capacity of the T. cinerea extract to reduce death by apoptosis may be very important for controlling Leishmania infections.
The absence of in vitro genotoxicity in the T. cinerea hydroalcoholic extract directed the investigation to the genotoxic potential of this extract in an in vivo system because some agents are pro-mutagenic but only express this activity after biotransformation. Our in vivo results revealed that the three doses that were used did not induce DNA damage; instead, the level of DNA damage that was induced by the extract showed significant differences (P < 0.05) compared with the positive control. Similar results were obtained by Costa et al. (2008) and Magalhães et al. (2010) , who used the comet assay to study extracts of Psidium cattleianum Sabine (Myrtaceae) and Ilex paraguariensis (Aquifoliaceae), respectively.
The lack of genotoxic effects from the T. cinerea hydroalcoholic extract, both in vitro and in vivo and at concentrations that showed antileishmanial activity, is critically important for its safety for popular use. Based on these findings, we next conducted antigenotoxicity experiments using the same in vivo assays. Because there were no published reports about this issue, this study should be considered to be pioneering in the evaluation of T. cinerea antigenotoxicity.
The hydroalcoholic extract reduced the genotoxic effects induced by cyclophosphamide by 80.6 and 82.3% in the pre-and post-treatment groups, respectively. The antigenotoxic activity of the extract might be related to the presence of one or more of the metabolites identified in the extract, which included flavonoids, triterpenoids/steroids, and saponins. According to Ribeiro and Seravalli (2004) , flavonoids comprise a broad class of naturally occurring substances that serve as antioxidants and block the damaging effects of free radicals (Simões et al., 2003) . Neuhouser (2004) found a 40 to 58% decrease in cancer risk among people who consumed natural products containing flavonoids, triterpenoids/steroids, phenols, alkaloids, and saponins relative to those who consumed less over follow-up periods ranging from 13 to 30 years. Therefore, flavonoids are not considered to be toxic substances (Trueba and Sanchez, 2001) but are proposed to be anticarcinogenic (Zuanazzi and Montanha, 2003) .
Triterpenoids and steroids do not have genotoxic activity (Villaseñor et al., 2004 ), but they do exert hepatoprotective effects (Oliveira et al., 2005) . Phenolic compounds and their biosynthetic precursors, which are known for their antioxidant activities, protect against damage caused by oxidative stress (Abdelwahed et al., 2006) and have antitumor activity, which is demonstrated by their capacity to inhibit cancer genesis by blocking the promotion stage through the inhibition of ornithine decarboxylase (Chang and Kinghorn, 2001) . Saponins are known to be antimutagenic (Caballero-George et al., 2004; Patel et al., 2007) . According to Berhow et al. (2000) , a saponin extract that was obtained from soy did not mutagenize CHO cells or induce the formation of micronuclei in human lymphocytes, but it did inhibit the genotoxic activity of 2-acetoxyacetylaminofluorene.
The results obtained in this study did not indicate DNA damage in cells exposed to the T. cinerea extract in vivo or in vitro, and this study revealed that the metabolite-rich extract protects DNA from the genotoxic activity of cyclophosphamide.
The current treatment for leishmaniasis relies on antimony, which has known toxic effects, incomplete efficacy, and a relatively high cost. Indeed, the drug of choice that is recommended by the World Health Organization and the Brazilian Ministry of Health, Glucantime ® , an antimonite of N-methylglucamine, has genotoxic and mutagenic activities in vivo (Lima et al., 2010) . We showed that the antileishmanial hydroalcoholic extract of T. cinerea (L.) Pers. is a promising natural product for the treatment of leishmaniasis because it lacks in vitro and in vivo genotoxic effects at the concentrations that have antileishmanial activity, but it can still mitigate genomic damage, reduce apoptosis, and induce cell death by necrosis. These effects may help to reduce the parasitic load and make this extract a viable option for treating leishmaniasis. However, for this extract to be validated as a potent antileishmanial agent, further studies are necessary to determine other potential toxicological properties and the compound's mechanism of action.
